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ABSTRACT 
Under open access conditions fisheries tend to suffer from overexploitation 
and rent di ssi pation. This situation makes regulation necessary to achieve 
sustainability. [n the Galapagos Marine Reserve, ineffective fisheries management 
has created a 'regulated ' open access situation . The major fisheries , sea cucumber 
and spiny lobster, have been exploited beyond sustainable leve ls and catches have 
decreased significantly. Given the state of the resources, fi sheries management in 
Galapagos needs to effecti ve ly limit catch and effort to sustainable level s. This 
research analyses the feasibility of an individual transferab le quota (ITQ) scheme in 
Galapagos, evaluating the suitability of the context and assessing the expected 
economic benefits and equity implications from such a regulatory instrument. 
The spiny lobster fi shery is considered to be suitable for an rTQ scheme 
while the sea cucumber fi shery is not, g iven that the resource is on the verge of 
commercial extinction, the difficulties in monitoring exports and the variability of 
prices. The optimal management scenario for the spiny lobster fishery, of those 
evaluated in this study, is an ITQ scheme where the total allowab le catch is set at the 
maximum economic yield . This scenario resulted in the largest economic benefit and 
efficiency gains . Major equity implications are expected from an ITQ scheme in thi s 
fi shery also. These, however, are consistent with the amount of catch that needs to 
be reduced in order for the fi shery to operate sustainab ly. With thi s in mind , it is 
concluded that the Galapagos National Park Service and other stakeholders that 
participate in fi sheries management in the archipelago should consider the adoption 
of an ITQ scheme to manage the spiny lobster fishery . The sea cucumber fishery on 
the other hand, needs to remain closed until the stock recovers. 
Current challenges to more effective fi sheri es management are limited 
monitoring and enforcement and weaknesses within fi shing cooperatives. An 
enhancement of the monitoring and enforcement component, and a strengthening of 
fishing cooperatives through more meaningful grassroots participation in fisheries 
management are necessary to improve the current situation. Complementary 
restrictions and policies to achieve particular socio-economic and environmental 
objectives will also be necessary in order to reduce potential negative impacts from 
an ITQ scheme. 
1IJ 
TABLE OF CONTENTS 
AC.KNOWLEDGEMENTS ..................................................................................... ii 
ABSTRACT ....................................................................... ................ ............... .iii 
LIST OF FIG UR.ES ................................................................................................. vi 
LIST OF TABLES ............. ..................................................................................... vii 
LIST OF PHOTOGRAPHS .................................. ............................................... viii 
ABBREVIATIONS ............................................................................................ ...... ix 
C HAPTER I - INTRODUCTION: PROBLEM AND OBJECTIVES ............... l 
I . I THREA TENED FISHER IES IN THE G ALAPAGOS MARINE R ESERVE AND THE 
NEED FOR IMPROVED M ANAGEMENT ..................... ......... ......... ................ . I 
1.2 A IM OF TH E R ESEARCH ...... ................... .. ......... .... .. ...... ................. ............. 5 
1.3 CHAPTl:R O UTLI NE· ·· ··· ··············································· ········ ········ ·· ············· 7 
C HAPTER 2 - FISH ERIES MANAGEMENT, REGULATION AND 
REGULATORY INSTRUMENTS: A LITERATURE 
REVI.EW ......................................................................................... 8 
2. I I NTRODUCTION . ..... .... . .. .. ... . .. .. . .. ....... ... .. .. . .. ... .. ..... .. .......... ... . . ....... ..... ..... ... 8 
2.2 OPEN ACCESS A D TH E ECONOM ICS OF FISl l ERIES M A AGEMENT: WH Y lS 
R EGULATION NECESSARY? ............ .... ..................................... .. ....... ... ....... 9 
2.3 MARINE PROTECTED AREAS .............................................................. .. . ... 12 
2.4 COMMAND-AND-CONTROL REGULATION ...... ........................ ... ..... ........... 13 
2.5 PROPERTY RIGHTS: COMMUNITY-BASED F ISHERIES M ANAGEM ENT ....... 14 
2.6 PROPERTY RIGHTS AS ECONOMIC I STRUM!:: TS: I NDI VIDUAL 
TRANSFERABLE Q UOTA SCHEM ES ...... .. ... . ..... .. .. ........ .... .. ... ..... ....... .. ....... 16 
2. 6. 1 Efficiency and Sustainability ........ .. .......... ............... ................ 17 
2. 6.2 Do JTQ Schemes Meet Conservation Objectives? ................... 20 
2.6.3 Contentious Equity implications ......... .. .. .... .... .... .... .... .... ... ... .. 21 
2.6.4 Limitations to Administration, Monitoring and Enforcement. 24 
2. 6. 5 Context Requirements ... .. ............................. ................... .. ....... 24 
2.6.6 Experiences ·with ITQ Schemes ..... .. ......... ... .. ..... .... .... .............. 26 
2.6. 7 JTQMarkets .............................................................. .... ... ........ 30 
2.7 CONCLUDING R EMARKS ......................................................................... . 32 
C HAPTER 3 - THE SEA CUCUMBER AN D SPINY LOBSTER FISHERIES 
IN THE GALAPAGOS MARINE RESERVE: SUITABLE 
FOR AN ITQ SCHEME? ........................................................... 35 
3. 1 I NTRODUCTI ON ............ . ..... . ............................... ................................ ...... 35 
3.2 F!Sll!NG AND F ISHERS IN G A LAPAGOS ... . .. .. . ... . ....... ..... . .. ................. ... ..... 36 
3.3 CURRENT M ANAGEMENT OF THE FISHERIES ..... .............. ..... ..... ..... .... ...... 39 
3.3. I Administration ..... ... ........ ........ .... ...... ...... .... .... ... ... ...... ............. 40 
3.3.2 Research .. .... .. .... ........ .. ........ ..... .. ..... ..... ... .. .... .. .. ....... .... .... ... .. .. 42 
3.3.3 Monitoring, Control, Surveillance and Enforcement ... ..... .... .. 42 
3.3.4 Regulations for the Sea Cucumber Fishery .... .. ... .. ... ... .... .... .... 44 
3.3.5 Regulations.for the Spiny Lobster Fishe1y .... ............... ........... 47 
3.3.6 Management Costs ............ .. .. .. .... .............. .. ....... ...................... 48 
IV 
3.4 STATE OF TH E FISHERIES ... ... .. ........ .... ......... ............... .. ......... ..... ............ .49 
3.4.1 Sea Cucumber ....... ........................................ .. .... ..... ............ .... 50 
3.4.2 Spiny Lobster ......................... ..................................... ... ........ .. 53 
3.5 CHAPTER SUMMARY AND CONCLUDING REMARKS .... ... ..... ............ .... .... . 55 
CHAPTER 4-DATA AND METHODOLOGY ................................................ 57 
4 . 1 I TRODUCTIO ... ..... .......... .. ... ............... .................... ... .......... ........ .. .. ..... 57 
4.2 SETTI GATOTALALLOWABLECATCH ............ .. ....................... .. ........ .. . 58 
4.3 ESTIMATION OF ECONOMIC B ENEFITS FROM A ITQ SCH EME ...... ..... ..... 60 
4.4 ASS ESSMENT OF EQUITY IMPLICATIONS FROM A ITQ SCHEME .... .... .. ... 64 
4.4. I Estimation of Lorenz Curves and Gini Coefficients ...... ..... .. ... 64 
4.4.2 Estimation of implicit Quota Prices ................................. ... ... . 66 
4.5 CONCLUDING R EMARKS .... ............ ..... ... .......... ............ ........ .. .... ... .......... . 67 
CHAPTER 5-RESULTS AND DISCUSSION .................................................. 69 
5.1 I TRODUCTIO ............. .. ... ............ .. ... .. ................................ .. .. ...... ......... 69 
5.2 TOTAL ALLOWABLE CATCH ... ... ....... ... ...... ... ... .. .. .... .... ............................ 69 
5.3 ECONOM IC B E EFITS FROM A rTQ SCH EME ............................ ... .. ....... .. 73 
5.4 EQUITY l MPLICATIO S FROM A ITQ SCHEME ... ....... ........................ ...... 77 
5.4. I Lorenz Curves and Gini Coefficients ...... ......... ... ...... .. ... .... ..... 77 
5.4.2 Implicit Quota Prices .. ... .... ......... .. ....... .. .... .... .... ....... ......... ..... 78 
5.5 DISCUSSION AND CONCLUD I G R EMARKS ....... .. .................... .... ............. 80 
CHAPTER 6 -SUMMARY AND CONCLUSIONS ........................... ... ............ 84 
REFERENCES ................................................................ .......................... ............. 93 
APPENDIX 1 FISHERIES MONITORING PROGRAMME DATASETS .. 102 
APPENDIX 2 SUSTAINABLE CATCH FUNCTION .................................... 106 
APPENDIX 3 IMPLICIT QUOTA PRICES, PUERTO BAQUERIZO 
MOREN0 .............................................. ......... ............................ 108 
v 
LIST OF FIGURES 
Figure I. I - Location and Map of the Galclpagos lslands ..... .. .. ......... ... .. .. ............... .. 2 
Figure 2. l - A Fishery's Growth Function ...................................... .. ....................... JO 
Figure 2.2 - Bio-economic Model of a Fishery .................................. ..................... .. 10 
Figure 2.3 - Quota Exchange (Source: Squires, 1990, p. 35) .................. .............. ... 31 
Figure 3.1 - Distribution of the Galapagos Marine Reserve 's Management Costs, 
2003 (Source: Galindo & Suarez, 2006) ............. ................................. 49 
Figure 3.2 - Catch and CPUE.for the Ga/Qpagos Sea Cucumber Fishery (Source: 
Toral-Granda et al., 2005) . ... .. ...... ......... ... ..... ... .. .... .... .... ........ ..... ..... ... 50 
Figure 3.3 - Average Population Density of Sea Curnmber in the Galapagos 
Marine Reserve (Source: Avendano et al., 2006, p. 6) ......................... 51 
Figure 3.4 - Catch and CPUEfor the Galapagos Spiny Lobster Fishel)' (Source: 
Hearn et al. , 2005a; Hearn el al.. 2006; Murillo et al. , 2004) .... .... ..... 54 
Figure 4. l - Lorenz Curve Diagram .......... .. .. ....... .. ................. ......................... .... .. .. 65 
Figure 5.1 - Estimated Sustainable Catch, Effort and Legally sized Catch 1997-
2005. Galapagos Spiny Lobster Fishel)' ........................... .......... ... ...... 70 
Figure 5.2 - Maximum Sustainable Yield and Maximum Economic Yield 
Estimations, Galapagos Spiny Lobster Fishe1)1 .... ........ ........................ 7 l 
Figure 5.3 - Estimated Sustainable Catch, Effort and Total Catch 2001-2005, 
Galapagos Spiny Lobster Fishe1 ~\' .... ........ ............... ...... ...... ... .. ..... ....... 72 
Figure 5.4 - Estimated Net Income of the Galapagos Spiny Lobster Fishe1y, 2005 
vs. 2007 under different Management Scenarios (Red Lobster only) .. 74 
Figure 5.5 - Lorenz curves & Gini coefficients, Catch and E.ffort Distribution: 2005 
Spiny Lobster Fishery, vessel-owners based in Puerto Baquerizo 
Moreno ... ........ ....... .... ....... .. .. ........ ... .................. .. ..... ........ .. ... ........ ....... . 78 
Figure 5.6 - Expected Implicit Quota Prices and CPUE (diver-days), vessel-o wners 
based in Puerto Baquerizo Moreno .. .. ........... .... .................................. . 79 
Figure 6. l - Economic Benefits per Management Scenario ............ .. .. ..................... 87 
Figure A2. l - Catch and Effort, Galapagos Spiny Lobster Fishe1y (Source: Tora/-
Granda et al. , 2005) ... ..... ...... ........... ...... ......... ..... ... .... .... ...... ..... ......... I 06 
Figure A3. I - implicit Quota Prices and £.ffort, Catch and CPUE ..... .. ... .... .. .. .... .. 109 
YI 
LIST OF TABLES 
Table 5.1 - Expected Economic Benefits: Scenario A, Current Management Model 
..... ................ ....... ................. ............ ..... .. ...... .... .. ... .. .. ..... .. ........... .. ....... 73 
Table 5.2 - Expected Economic Benefits: Scenario B, ITQ Scheme with TAC set at 
MSY .... .... ... ... .. ................. ........ ... ............................................ .............. 73 
Table 5.3 - Expected Economic Benefits: Scenario C, ITQ Scheme with TAC set at 
MEY .... .... .................. ........... ........... ...... ............ .... ... ........ ..................... 74 
Table 5.4 - Sensitivity Analysis: Discount Rate ....... ............................. .. ...... ... ......... 76 
Table 5.5 - Sensitivity Analysis: Domestic Cost inflation ......... ...................... .... .. ... 76 
Table 5.6 - Sensitivity Analysis: Output Price ................................................ ... ....... 76 
Table 5. 7 - Sensitivity Analysis: Quota Allocation Period ... ..... .. .... .... ..... ................ 76 
Table 6.1- Economic Benefits per Management Scenario .. .. .. ............ .... .... .... .......... 87 
Table Al. I - Sea Cucumber Fishe1y Monitoring Programme Summm )1 ••••.•• . • • •• •• •• 102 
Table Al.2 - Spiny Lobster Fishe1y Monitoring Programme Swnmmy ............. .... 103 
Table A 1.3 - 2005 Spiny Lobster Fishery Output Price and Operating Costs 
(Source: Hearn et al. , 2006) ......... ..................... ............... .................. 103 
Table Al.4 - Puerto Baquerizo Moreno Fishing Cooperatives Monitoring Database 
Summm y (as reported by cooperatives to National Park Service) .... 104 
Table A2. I - Spiny Lobster Fishery Sustainable Catch Function Summary Output 
.................................................................. ... ....... .. ... ........ .. ... ......... ..... 106 
Table A2.2 - Revenues and Costs Resultingji·om Sustainable Effort and Catch, 
Spiny Lobster Fishe1y. ................ .. ........ .. ................. ...... ..................... l 07 
Table A3. l - Implicit Quota Price per Vessel Owner* ...... ....... ............. ........... ... ... . I 08 
Vil 
LIST OF PHOTOGRAPHS 
Photograph 1 - Galapagos Lobsterman ..... ......... .............. .... ... ...................... ........ .... 3 
Photograph 2 - Hookah Diving in Galapagos .... .... .. .. .... .... .... .................. ..... ....... .. .. 36 
Photograph 3 - Bote ..................................... ........................ .... ....... ......... .............. ... . 38 
Photograph 4 - Pangas ...... ........................................................ ...... ......................... 38 
























Community-based Fisheries Management 
Charles Darwin Foundation 
Convention on lntemational Trade in Endangered Species of 
Wild Fauna and Flora 
Catch per Unit of Effort 
Artisanal Fishing Cooperative 'Horizontes de Isabel a ' 
San Cristobal Fishing Cooperntive 
Fishing and Sea Products Cooperative 'San Cristobal ' 
Artisanal Fish Production Cooperative 'Galitpagos ' 
Galapagos Marine Reserve 
Galapagos National Park Service 
inter-institutional Management Authority 
Individual Transferable Quota 
International Union for Conservation of Nature and Natural 
Resources 
Maximum Economic Yield 
Maximum Sustainable Yield 
o-take Zone 
Participatory Management Board 
Special Regime Law for the Conservation and Sustainable 
Development of the Province o_fGalapagos, Ecuador, 1998 
Total Allowable Catch 
Union of Fishing Cooperatives o.f Galapagos 
United Nations Educational , Scientific and Cultural 
Organisation 
IX 
